L
earning to read and write is an essential skill for modern life, yet a surprising fraction of adults in OECD countries have not yet mastered the basics. For example, about 15 percent of adults cannot fully understand the instructions on a bottle of aspirin.
1 These literacy problems are especially serious in England, where younger adults perform no better than older ones (Kuczera, Field, and Windisch 2016) . In this context, it is unsurprising to see that basic literacy skills generate significant wage and employment gains in the labor market (Vignoles 2016) . Poor literacy also drives low social mobility, since children from disadvantaged backgrounds are more likely to start school with lower literacy skills.
How can the situation be improved? There is a solid evidence base that teachers, and teaching methods, can matter both for literacy (e.g., Jacob 2017, McNally 2008, and Slavin et al. 2009 ) and for learning outcomes more generally (e.g., Aaronson, Barrow, and Sander 2007; Araujo et al. 2016; Chetty, Friedman, and Rockoff 2014a, b; and Hanushek, Rivkin, and Kain 2005) . There is also a small, but growing, literature showing how interventions can boost teacher skills. For example, Taylor and Tyler (2012) show that teacher evaluation has an effect on teacher (and student) performance, and that the effect persists beyond the evaluation year.
In this paper, we investigate an intervention that changes how teachers teach. Specifically, teachers were trained to teach literacy using "synthetic phonics." This technique involves a focus on sounding out letters and then blending sounds together to form words. While other studies have evaluated phonics-based programs in smaller tests (e.g., as summarized by Slavin et al. 2009 and, for example, the recent experimental evaluation by Jacob 2017), this study evaluates a pilot and a national program, where we can test both the change in pedagogy and teacher training together.
2 Put differently, our estimates directly measure the input of a pedagogy reform when implemented at scale, under a realistic policy setting. We show that the policy is low cost and effective, both in the pilot and in the first phase of the national rollout.
How reading should be taught in schools is hotly debated amongst education experts.
3 Historically, experts have divided between proponents of "whole language" approaches versus supporters of "phonics" approaches. In essence, the "whole language" approach introduces language through context (e.g., through stories, picture books, etc.) whereas the "phonics" method builds literacy more systematically by connecting spelling patterns to sounds, assembling the building blocks of the language before stories are introduced. Only relatively recently has "systematic phonics" instruction been advocated in English-speaking countries, beginning in 2000 by the US National Reading Panel (National Reading Room 2000) . 4 In England, a review commissioned by the government in 2006 (Rose 2006) recommended "synthetic phonics" and was subsequently implemented in all schools. Relative to other countries, the policy adopted was narrower (Wyse and Goswami 2008) because it advocated a more extreme view of how exactly phonics should be taught (known as "synthetic phonics") and then obliged all schools to implement the approach. However, a change in guidance alone was not deemed sufficient to ensure the adoption of the new approach in English schools. The government employed teaching consultants to disseminate good practice throughout local authorities and to give more intensive guidance to a small number of schools each year within 2 Differences in the details of what programs consist of and how they are implemented make it difficult to compare our findings with earlier studies (which are generally much smaller scale; focus is on pedagogy rather than training; the counterfactual is also different from that considered here).
3 See Mike Baker's synopsis around the time of the 2005 controversy: http://news.bbc.co.uk/1/hi/ education/4493260.stm . 4 As defined by Torgerson, Brooks, and Hall (2006) , systematic phonics means the teaching of letter-sound relationships in an explicit, organized, and sequenced fashion, as opposed to incidentally or on a "when-needed" basis. It may refer to systematic synthetic or systematic analytic phonics. The sounding out of letters and then blending to form words characterizes synthetic phonics. Analytic phonics involves inferring sound-symbol relationships from sets of words which share a letter and a sound. local authorities. The staggered nature of training in the new approach across local authorities allows us to evaluate the effect of this reform on student achievement. Specially, we apply a difference-in-difference approach where we compare schools that were first exposed to intensive training from literacy consultants to schools that were exposed to this treatment in subsequent phases of the rollout (in other local authorities).
To briefly preview our results, we find there to be an instant effect of the program at age five, similar in magnitude to the initial effect of lower class size in Project STAR (Krueger 1999, Krueger and Whitmore 2001) . These effects persist to age seven, even for cohorts exposed to the program at treatment schools but after the literacy consultant had finished working with the school. By the end of primary school (age 11), average test scores no longer differed significantly in treatment schools. This "fade out" is similar to other studies (e.g., Deming 2009, and Chetty et al. 2011) where effects reemerge in adulthood, although of course we have no direct evidence on long-term effects in this setting. However, the effects persist for those children with a higher initial propensity to struggle with reading, for instance those from disadvantaged backgrounds and/or those who are non-native speakers of English. Some of these children start school behind other students in measures of literacy. The program drives convergence in reading skills across the distribution. A back-of-the-envelope calculation suggests that the effect sizes for these disadvantaged groups are high enough to justify the costs of the policy.
This paper contributes to the literature in three ways. First, we estimate how teacher skills can be improved and the effect this has on students in the short and medium term. Such policies have not often been rigorously evaluated, especially in a context of both a pilot and a national policy. This is useful because it shows that, if effective, this is a low-cost intervention likely to be scalable. Second, our evidence contributes to discussions and research that focus upon the relative merits of targeted versus universal interventions.
5 Third, this evidence shows a low-cost way to reduce inequalities within the education system between groups with a higher and lower propensity to start out their schooling as struggling readers.
The rest of the paper is structured as follows. In Section I, we explain the English education system, our data, and how phonics has been used in schools before and after the policy change in the mid-2000s. In Section II, we outline our conceptual framework and empirical strategy. In Section III, we discuss our results, firstly in the context of an "event study" for five-year-olds, then based on an analysis of program effects as relevant cohorts progress through the school system (at age 5, 7, and 11). Then we evaluate whether the policy has a heterogeneous effect depending on 5 There are sizable bodies of research that discuss the advantages and disadvantages of targeted and universal interventions in education, and these are particularly prominent in the areas of preschool provision and of education policies in developing countries (see, for example, Education Sector 2006 on preschool and Behrman 2010 on development research). Areas of particular importance stressed in targeted versus universal debates are whether higher or lower economic returns accrue under each, differences in program quality, the implications for total costs, the extent of displacement of private spending, and administrative costs that determine eligibility under targeting. In our setting, where phonics were first targeted and then rolled out nationally, a particular focus of interest is on whether a differential impact on pupil performance is seen (i.e., whether returns differ). However, even in the national program, only a minority of schools were targeted for intensive support by the literacy consultant (which is what we evaluate).
whether the student is classified as disadvantaged or a non-native English speaker. We consider effects on other outcome measures and also whether the policy affected the number of teachers, the pupil-teacher ratio, or pupil enrollment. We also conduct a robustness check to examine whether results at age 11 are sensitive to imputation. We conclude in Section IV.
I. The English Education System

A. Assessment and Data
In England, children must start school the September after they turn 4 years old, and there is essentially no grade repetition. Primary schools last up to age 11, after which children make the transition to secondary schools where they stay up to (at least) the age of 16, which was the end of compulsory education up to very recently (and during the time of this study). In this paper, we focus on the primary phase of education.
The national curriculum in England is organized around "Key Stages." In each "Key Stage," there are various goals made out for children's learning and development, and it ends with a formal assessment: in primary school, this is the Foundation Stage at age 5 and Key Stage 1 at age 5-7 and Key Stage 2 at age 7-11. At ages five and seven, pupils are assessed by their own teachers. However, there is extensive guidance on how the assessment should be made, and it is moderated. At age 11, assessments are set and marked externally.
At age five, we focus on the assessment of communication, language, and literacy. The first year for which this information is produced is 2003. Between 2003 and 2006, the assessment was only done for a 10 percent child-level sample.
6 From 2007 onwards, all children in England have been assessed in this way. At age seven, we focus on teacher assessments for reading, although we do examine whether there are effects on other subjects (described in Section IIID). Students are given a "level" (i.e., there is no test score as such). We transform national curriculum levels achieved in reading, writing, and mathematics into point scores using Department for Education point scales. At age 11, we use national tests of English and math.
The National Pupil Database (NPD) is a census of all pupils in the state system in England available from 2002 onwards. This covers the vast majority of primary age children, as only a small percentage attend private school at this age. We use data between 2003 and 2012 and exclude a small number of independent and special schools from the analysis. The NPD gives information on all the assessments previously described and basic demographic details of pupils-such as ethnicity, deprivation (measured by whether 6 Between 2002 6 Between -2003 6 Between and 2005 6 Between -2006 local education authorities (LEAs) were only required to submit a 10 percent sample of complete individual pupil FSP data. Since 2006-2007, LEAs have submitted complete individual pupil FSP data. The proportion of students in treatment schools is identical when we move from the 10 percent sample to the whole cohort. Furthermore, the characteristics of students in the 10 percent sample are similar to those pertaining to the whole cohort if we consider characteristics available in census data (such as ethnicity, gender, whether English is spoken as a first language, and eligibility for free school meals). 7 We start our analysis from 2003 onwards because this is the year the age 5 assessment was introduced.
they are eligible to receive free school meals), gender, and whether or not English is their first language. As we know the school attended, we can control for school fixed effects in our analysis-and we can track students if they change schools. For the period covered by our study, schooling was organized at the local level into local education authorities (of which there are 152). Schools are largely self-governing and the main functions of the local authority are in building and maintaining schools, allocating funding, providing support services, and acting in an advisory role to the head teacher regarding school performance and implementation of government initiatives. The Department for Education have provided us with details of the local authorities and schools involved in the initial phonics pilot and how support was phased in across local authorities and schools in subsequent years. We describe this later and give more detail in section C of the online Appendix. First, we discuss the use of phonics in schools.
B. The Use of Phonics in Schools
There are two main approaches to learning the alphabetic principle: synthetic phonics and analytic phonics. The former is used in Germany and Austria and is generally taught before children are introduced to books or reading. It involves learning to pronounce the sounds (phenomes) associated with letters "in isolation." These individual sounds, once learnt, are then blended together (synthesized) to form words. By contrast, analytic phonics does not involve learning the sounds of letters in isolation. Instead, children are taught to recognize the beginning and ending sounds of words, without breaking these down into the smallest constituent sounds. It is generally taught in parallel with, or sometime after, graded reading books, which are introduced using a "look and say" approach. 8 One of the reasons the debate between educationalists is so divisive is because those advocating "synthetic phonics" argue this should be taught before any other method. The other side argue that one size does not fit all, and it is possible to teach other aspects of reading at the same time.
9
Up to 2006, the English literacy strategy recommended analytic phonics as one of four "searchlights" for learning to read in the National Literacy Strategy (in place since 1998). However, a review of this approach was prompted by a study in a small area of Scotland (Clackmannanshire), which claimed very strong effects for children taught to read using synthetic phonics (Johnston and Watson 2005) . The outcome of the review was the "Rose Report" (Rose 2006) , after which government guidelines were updated to require the teaching of synthetic phonics as the first and main strategy for reading. There was a detailed program called "Letters and Sounds: Principles and Practice of High Quality Phonics," which teachers were expected 8 Children are typically taught one letter sound per week and are shown a series of alliterative pictures and words, which start with that sound, e.g., car, cat, candle, caste, and caterpillar. When the 26 initial letter sounds have been taught, children are introduced to final sounds and to middle sounds. At this point, some teachers may show children how to sound and blend the consecutive letters in unfamiliar words.
9 See also the paper by Kearney and Levine (2016) presenting evidence of a positive impact on educational outcomes through the early school years (including reading) for children in the United States who were exposed to the television program Sesame Street.
to follow (Primary National Strategy 2007) . This is summarized (as in Wyse and Goswami 2008) in the online Appendix (Box A1).
At the same time as the review was taking place (before it was published), there was a pilot in 172 schools and nurseries that was principally to give intensive training to teachers on the use of synthetic phonics in early years. After the Rose report, training was rolled out to different local authorities (LA). The LAs were given funding for a literacy coordinator who would work intensively in about ten schools per year but also disseminate best practice throughout the LA by offering courses. The program was rolled out gradually to different local authorities-only reaching all local authorities by the school year 2009-2010. Thus, it was not anticipated that all schools would update their early years' teaching overnight, even though the government guidelines had changed.
10
More specifically, "The Early Reading Development Pilot" was introduced in 2005 to test out the pace of phonics teaching and, in terms of timing, ran alongside the Rose Review.
11 This involved 18 local authorities (LAs) and 172 schools and settings in the school year 2005-2006. 12 The "Communication, Language, and Literacy Development Programme" (which we refer to as the national program) was launched in September 2006 to implement the recommendations of the Rose Review. This national program replaced the pilot in the original 18 LAs and a further 32 LAs were invited to join, each receiving funding for a dedicated learning consultant. The next phase of the national program was introduced from April 2008. This involved another 50 LAs. Then the last third of LAs (i.e., another 50) joined the national program in April 2009. The essential model of support was similar across the pilot and the national program. We evaluate them separately because the pilot was implemented before national guidelines had been changed (which potentially affects all schools).
Each local authority received £50,000 to support the appointment of a specialist consultant with a further £15,000 to allocate to schools. The consultant was to provide intensive support to at least ten schools per year, before moving on to another ten schools in a subsequent year. In these schools, the consultant worked mainly in the Reception year (first year of school, when children are aged 4 -5) and Year 1, but also in Year 2 and nursery. The support involved an initial audit and assessment visit to help schools get started on the program. This included drawing up an action plan, making observations and detailed assessments of children. In a second visit, the consultant would model or co-teach the adult-led activity or the discrete teaching session and help teachers and practitioners to plan further learning and teaching opportunities over the following few weeks. At this and subsequent visits, the consultant would work with teachers, practitioners, and leadership teams to review children's learning and identify the next steps for teaching. The consultant also provided 10 In 2010, a government spokesman implied that the "Communication, Language, and Literacy Programme" was necessary to enable schools to make the necessary changes: http://www.theguardian.com/education/2010/ jan/19/phonics-child-literacy.
11 It was requested by Andrew Adonis, the then Minister of State for education, in response to the findings of the Select Committee on the teaching of early reading.
12 As some preschool settings were involved (i.e., nurseries), we have fewer primary schools than this in our data-roughly 160 schools. However, it has been confirmed that the Reception year in these primary schools was the main initial focus for this policy.
support to other schools in the LA, usually through the provision of courses which were offered to all schools.
C. Selection of Schools and Local Authorities
The selection of local authorities and schools into the pilot and subsequent national rollout was not done in a systematic way according to specific criteria. Online Appendix section C details what we were able to learn about this process from the Department of Education. Of use here is that they tried to incorporate a mix of local authorities across different regions. Thus, we shouldn't think of the program as being concentrated in particular areas. The decision about what schools to target for intensive support was made by each local authority and again not made according to specific, measurable criteria (see online Appendix Section C). Although the guidance suggests that LAs should look for schools in need of improvement for literacy, it also suggests the need to look for potential to deliver (i.e., they were advised not to target schools where the quality of teaching in early years was not satisfactory).
We are interested in evaluating the effects of the pilot (i.e., schools in 18 LAs that were initially selected for intensive treatment) and schools in the first phase of the national rollout (i.e., again those selected for intensive treatment) relative to a control group. The fact that we do not have clear, transparent criteria for selection of schools for "intensive support" means that it is useful to use selected schools in subsequent phases of the national rollout (in other local authorities) to define the control group. Schools in the treatment and control groups were deliberately selected for "intensive support"-and thus have more in common (for the purposes of evaluating this policy) than all those schools that were not selected. Table 1 , and the actual LAs involved are listed in online Appendix Table A1 .
Our approach is a difference-in-difference analysis, comparing outcomes before and after the policy was introduced (conditional on other attributes of schools and pupils). The credibility of the methodology rests on whether these groups show parallel trends in outcome variables pre-policy (later, we show that they do) rather than whether they match closely based on observable characteristics at a point in time.
In Table 2 , we show key characteristics of different groups of schools in the pre-pilot year (2004) (2005) . This is designed to understand the selection process of local authorities and schools. Columns 1-6 show the following groups: all schools; schools in the pilot; nonselected schools in the 18 pilot local authorities; schools in the first phase of the national rollout (within 50 local authorities); schools that were not selected for intensive support as part of the first phase of the national rollout, though within the same 50 LAs; and schools in subsequent phases of the national rollout for the other 100 local authorities that entered the program between 2008 and 2010. Thus, columns 2 and 4 show statistics for the two treatment groups of interest (the pilot and the first phase of the national rollout), and column 6 shows statistics for the control group.
We show summary statistics for our main outcome variables at age five and seven.
14 They are the communication, language, and literacy score at age five and the reading score at age seven (as described in Section IA). Both measures are standardized to have a mean of zero and a unit standard deviation. We also show three important demographic variables:
15 the proportion of children eligible to receive 14 In the analysis, we link age 7 outcomes to age 11 outcomes for students in the treatment and control group, respectively. The policy only applies to children during Key Stage 1-and some children move school between Key Stages 1 and 2 (i.e., between age 7 and 11).
15 Apart from outcome variables measured at age 5 and 11, all summary statistics relate to children of age 7 in 2005 (the pre-pilot year). Notes: Schools in the first 50 LAs (i.e., pilot and first phase) did come into the scheme in subsequent years. These schools are not included in the analysis. Notes: Treatment (columns 2 and 4) and control groups (column 6) in bold. The age 5 and age 7 scores are standardized to have a mean of 0 and a standard deviation of 1.
free school meals (an indicator of socio-economic disadvantage); the proportion of native English speakers; and the proportion of children who are classified as "White British or Irish." We learn from the table that within the two treatment groups (i.e., columns 2 and 4), schools selected for the treatment are (on average) lower performing than other schools within the local authorities of interest (i.e., as shown in columns 3 and 5). They also tend to include a higher proportion of disadvantaged children, a lower proportion of native English speakers, and a lower proportion of children classified as "White British/Irish." If we consider the local authorities selected for the treatment based on their schools not selected for intensive support in the first year (i.e., columns 3 and 5), they do not look too different from the national average (column 1) on most of the reported indicators, although they are a little more disadvantaged (particularly the pilot local authorities). The control group (column 6) is a lot more similar to schools in the treatment groups (columns 2 and 4) compared to schools that were not selected for intensive support in treatment local authorities (columns 3 and 5) and to the overall sample. However, there are still significant differences at baseline between treatment and control groups, and it will be important to establish that there is no differential pre-trend in outcome variables. We show this in the context of an "event study" in Section III (see Figure 1 ) and in a regression context (e.g., online Appendix Table A2 ). These approaches show very clearly that the parallel trends assumption is reasonable, and there is no pre-policy differential effect of being in a treated school before the policy was introduced. Before we show these and other findings, we next turn to explain the conceptual framework and empirical strategy.
II. Conceptual Framework and Empirical Strategy
In our empirical analysis, we make use of the differential timing of the phasing-in of intensive support to schools as a "natural experiment" to identify the causal effect of teacher training in the new pedagogical approach. As previously discussed, we use two treatment groups of schools whose teachers were trained to deliver phonics teaching: the initial schools in the pilot that were set up to inform the Rose Review; and schools in the first phase of the national rollout. The control group consists of schools that were selected for intensive support as soon as their local authorities were incorporated to the national rollout (three years after the pilot and two years after the first phase).
Denoting schools ever treated by phonics exposure and control schools by a binary indicator variable Phonics (equal to 1 for treatment schools and 0 for control schools), we estimate the impact of the intervention in the following difference-indifference equation:
where I(t ≥ p) is an indicator function equal to one for time periods after time p when the phonics programs were introduced, and zero prior to that. This research design enables us to estimate the effect of training teachers in the new pedagogical approach (Phonics) on student attainment (A) for student i, in school s affected by the treatment at a given time t. The coefficient of interest is the difference-in-difference coefficient estimate α 1 . The specification in equation (1) includes school fixed effects ( γ s ), which control for the baseline effect of being a "treated school" and any other school-level characteristics that do not change over time (including time invariant skills of the teacher workforce). We control for a set of time dummies ( τ t ) and a vector of personal/family characteristics (Z) which includes gender and ethnicity, whether he/she is a native speaker of English, whether he/she is eligible to receive free school meals (an indicator of poverty), and whether he/she receives a statement of Special Educational Needs. We also control for a vector of peer characteristics in the student's school (X), namely the percentage of students in the year group according to each of the previously named personal characteristics. We estimate variants of equation (1) under the (plausible) assumption that the phonics treatment is the only relevant time-varying factor that affects the treated schools relative to the control schools. In fact, the phased introduction makes it highly unlikely that another shock to teaching skills occurred at the same time, and thus, we have a coherent research design for studying what is a relatively unusual policy in that it is inexpensive but has significant potential to reduce literacy inequalities in the early years of school.
Since we are interested in estimating effects as the affected cohorts age (through their schooling), we set most regressions up as interactions with birth cohorts rather than year. Thus, we estimate α 1 when the treatment cohort is at age 5, 7, and 11 relative to control cohorts. For the pilot, this is the cohort of children born in 2001 whereas for the first phase of the national rollout, this is the cohort of children born in 2002. The treatment was initially focused on the youngest age group but could have an effect on multiple age groups within the same year (i.e., children aged between five and seven). The cohort of children born in 1998 is completely unaffected at any stage. However, we show a full set of treatment × cohort interactions for those born between 1998 and 2001 (and 2002 when analyzing the effect of the national rollout).
Finally, we look at heterogeneity by selecting the 1998 birth cohort and the two main "treatment" cohorts of interest (2001 for the pilot; 2002 for the national program). To do so, we estimate the following, more general, difference-in-difference specification containing interactions of the policy impact with pupil-level variables of interest:
In equation (2), the pupil characteristic of interest in terms of heterogeneity is represented as D. More precisely, we estimate whether there is a differential treatment effect ( β 11 ≠ β 12 ) according to whether the student is classified as: being eligible to receive free school meals and a native English speaker. Again, we estimate this regression as the student progresses through the school system (at ages 5, 7, and 11). We set the regressions up such that the treatment effect is separately identified for each group (i.e., "free school meal" and "non-free school meal" children; native and non-native speakers of English). In a final specification, we estimate the full set of two-way interactions with treatment.
III. Results
A. Event Study
We first consider whether the policy had an effect by looking at results from an "event study" of five-year-olds. They were the initial target of the intensive support in schools, and there is no ambiguity about the year in which we should start to see an effect. It should be the two different years in which the policy was introduced to the two treatment groups: schools in the pilot and schools in the first phase of the national rollout. Furthermore, we should expect the effects to decline once the control group schools receive the treatment.
Having estimated equation (1), the estimated coefficient for the treatment effect ( α 1 ) and the associated 95 percent confidence interval are plotted in Figure 1 for the pilot treatment versus control and the first-phase treatment versus control. 16 The regression estimates that underlie the figure are shown in online Appendix Table  A2 . The dependent variable is the standardized score for communication, language, and literacy at age five. The figure shows zero effect for the two available pre-policy years for pilot versus control and the three available years for first phase versus control. However, as soon as the treatment is introduced, the effect jumps to over 0.2 standard deviations in both cases. Note that the year "t" is different for the pilot and first-phase groups, yet the effect sizes are similar (and the control group is the same). Furthermore, the pilot treatment stays high (at least 0.2 standard deviations) for each year until the control group receives the treatment (at t + 3), when the effect size falls and is no longer statistically different from zero. The pattern is similar for the first-phase treatment, except that the effect size does not fall as quickly when the control group enters the program at t + 2 (and also remains statistically different from zero).
17 However, within two years of the control group entering, the effect size is halved.
The fact that the treatment effect stays high up until the control schools enter the program (and for some time after that in first-phase schools) shows that any effect of the program is not simply down to the presence of the literacy consultant in the school. The intensive support was only on offer for one year (except in cases where schools had difficulties). Thus, the effect sizes reflect the effect of the training and not the presence of the trainer. Table 3 shows estimated effects of the policy for the pilot treatment (panel A) and the first phase of the national rollout (panel B) relative to the control group for different birth cohorts as they progress through the school system. The omitted category is the 1998 birth cohort. In each case, the cohorts fully exposed to the treatment throughout their entire early phase of primary education (i.e., age 5-7) and observable at age 11 are the 2001 cohort (for the pilot) and the 2002 cohort (for first phase). However, other birth cohorts are partially treated. For example, 
B. Main Results by Cohort
Event time (t = first phase (CLLD) introduced) the cohort born in 2000 is potentially affected from the age of 6 if in a pilot school and at the age of 7 if in a school receiving the intervention in the first year of the national rollout. The cohort born in 1999 might be affected at the age of 7 if in a pilot school. Since the mandate of the literacy consultant was to focus mainly on the younger children, one would not expect the effect to be as strong on those students first exposed to the program at age six and seven compared to those first exposed at age five. We look at effects at the ages of 5, 7, and 11. In each case, the dependent variable is the standardized test score and so the reported estimates can be viewed in units of Notes: Baseline is the 1998 birth cohort (who undertook the ages 5, 7, and 11 assessments in 2003, 2005, and 2009, respectively) . Each column shows selected coefficients from a separate regression. The dependent variable at age 5 in columns 1 and 4 is the (teacher assessed) standardized score in communication, language, and literacy. The dependent variable at age 7 in columns 2 and 5 is the (teacher assessed) standardized score in Key Stage 1 reading. The dependent variable at age 11 in columns 3 and 6 is the pupil's (externally assessed) standardized test score in reading. The 2001 and 2002 birth cohorts (in bold) are the first cohorts to have received the treatment throughout their education for the pilot and first phase, respectively. For the pilot, the 2000 birth cohort received the treatment in Year 1 (at age 6). The 1999 birth cohort received the treatment in Year 2 (at age 7). For the first phase, the 2001 cohort received the treatment in Year 1 (at age 6). The 2000 birth cohort received the treatment in Year 2 (at age 7). Additional controls are: year dummies; school fixed effects, student gender, ethnicity; whether speaks English as an additional language; whether eligible to receive free school meals, whether receives a statement of special educational needs; and percent of students in the year group by: gender, ethnicity, whether speaks English as an additional language, whether eligible to receive free school meals, whether receives a statement of special educational needs. Standard errors are clustered by school. Untreated groups are in italics.
a standard deviation, σ. The data for those undertaking Key Stage 1 assessments at age 7 are linked to the same individuals' assessments at age 11. Thus, we follow the student exposed to the "treatment" whether or not he/she changes school between the age of 7 and 11. 18 In any school, the "treatment" is only defined by what happens between the age of five and seven.
Focusing on the results for the cohort that receives the treatment throughout their early schooling and observable at age 11 (i.e., the 2001 cohort for the pilot and the 2002 cohort for the first phase of the national program), Table 3 shows that the initial effect on age 5 results is very high (as also shown in Figure 1 ). As columns (1) and (4) show, it is close to 0.30σ for the pilot and 0.22σ for first-phase schools. By the age of seven, the effect of the policy has reduced by at least two-thirds (although the test score is more coarsely defined at age seven and therefore not exactly comparable to that at age five). However, it is still of a reasonable size of about 0.07σ for both the pilot and first-phase schools and is statistically significant. However, at age 11, the results suggest an effect that is close to zero.
The age 7 results (i.e., columns 2 and 5) show an effect which seems to increase with successive cohorts (although not always significantly). The reason may be because earlier cohorts were fully exposed to the policy and because the mandate of the literacy consultant was to focus mainly on the younger age groups. For the pilot, the effect goes from 0.04σ to 0.04σ to 0.08σ from first exposure to the program at ages 7, 6, and 5, respectively. For first-phase schools, the effect goes from 0.03σ to 0.05σ to 0.07σ at these same ages. This also suggests an impact of the program on children when the intensive support actually stops (as it was only supposed to last one year in treatment schools; after which the literacy consultant would move on to other schools in the local authority). Thus, we can also infer that the effect is coming from training in the use of the program-not from the fact of having a consultant come to the school. However, the effect never persists to age 11.
A final insight from Table 3 comes from an additional placebo test for the first phase: did the policy appear to have an effect for cohorts to which it was not exposed?
19 Of course, this might indicate differential trends in treatment and control schools. The coefficients shown in panel B of Table 3 for the "effect" of the treatment for the cohort born in 1999 reflect such a placebo test. This cohort could not have been affected by the intervention because the program was only introduced to their schools when they were eight-years-old. At age five and seven, the coefficients are close to zero and statistically insignificant, suggesting no evidence of differential pre-policy trends.
From this analysis, we see that average effects of the intervention are similar across schools participating in the pilot and in the first phase of the national rollout. Indeed, it was not clear a priori whether effects should be stronger in one group or in the other. We also found no significant differential effect according to whether the 18 We do not do this between the age of 5 and 7 because the age 5 test score is only available for a 10 percent sample of schools between 2003 and 2006. Instead, treatment and control schools are separately merged to the age five and seven data. However, as a robustness check, we have followed the same (smaller) age 5 sample through time and estimated effects at 5, 7, and 11. The results (available on request) are qualitatively similar. 19 Results of "pre-policy" exposure are also shown to be zero in Figure 1 and Table A1 .
Schools Inspectorate had previously classified schools as "outstanding," "good," or "satisfactory."
C. Heterogeneous Effects
We next consider whether the policy has a heterogeneous effect. We might expect any effects of the program to be stronger for pupils with characteristics that are likely to make them lower achieving on average in reading when they first go to school (like being from a low income background, or not speaking English as a first language). We can look at this at age of school entry using the Millennium Cohort Study (MCS). This longitudinal study began in the years 2000 and 2001 and follows around 20,000 children from birth. 21 We look at the age-five wave to study test score differences between groups at about the time of school entry.
Online Appendix Table A3 shows regressions of age-five cognitive test scores (measuring "naming vocabulary," "pattern construction," and "pattern similarity") on indicators of whether MCS cohort members are eligible for free school meals and whether there home language is not English. 22 As the estimates show, both of these groups enter school at age five with significantly lower test scores, especially in vocabulary skills. The difference in the vocabulary score for native and non-native speakers of English is close to 1 standard deviation whereas it is about 0.6 standard deviations for those from poor and nonpoor family backgrounds (as measured by eligibility to receive free school meals). This vocabulary deficit at time of school entry clearly places children with these characteristics at a significant literacy disadvantage especially if such deficits hold them back. Other measures of cognitive ability (pattern construction and pattern similarity) also show large and significant differences between these groups-but the gap is much smaller than that for vocabulary skills. So it is interesting to ask whether intensive training in the use of phonics has a differential impact across these groups, both in terms of when they were first exposed to the program and at later ages.
In Table 4 , we examine the impact of the treatment for the group most strongly impacted by the policy (i.e., receiving the treatment from age five onwards) relative to the control group. Thus, the first three columns show impacts for the 2001 cohort relative to the 1998 cohort for pupils in pilot schools and the next three columns show impacts for the 2002 cohort relative to the 1998 cohort for pupils in the first phase of the national rollout. In each case, we show heterogeneous effects of the 2 treatments at ages 5, 7, and 11 by estimating equation (2).
The upper panel A compares the effect of the treatment for native and non-native English speakers. For non-native English speakers, the effect size is stronger at age five for the pilot (though not statistically different from the effect for native English 20 The intervention seemed to work in all these groups apart from schools classified as "unsatisfactory." However, there were very few schools within this group.
21 See Hansen, Joshi, and Dex (2010) for more detail on the MCS data and a range of studies of cohort members up to age five. 22 Precise definitions of the three tests are given in the descriptive review of the age five (third wave) of the MCS in Jones and Schoon (2008) . They are aimed to capture cognitive skills at age in verbal, pictorial reasoning, and spatial abilities (as in Elliott, Smith, and McCullouch 1996 or Hill 2005). speakers) whereas it is similar for these two groups for the first phase of the national rollout. However, at age 7, a difference has emerged in both cases-the estimated effect is at least twice as large for non-native speakers ( p-values from tests of the difference in the estimated treatment effects for native and non-native speakers are 0.12 and 0.06 for the pilot and first phase, respectively). By age 11, the coefficient is positive for non-native English speakers-but only statistically significant for the first-phase cohort. With regard to the latter, the effect size is 0.07σ, and this is statistically different from that estimated for native English speakers (for whom we see no effect).
The middle panel B shows effects of the treatment for disadvantaged students and other students (based on their eligibility for free school meals). The effect sizes are similar at age five. However, we see differences at age seven for both the pilot and the first phase of the national rollout. Disadvantaged students benefit more from the Notes: Under each panel (A, B, and C), results are shown from separate regressions where personal characteristics of pupils are interacted with birth cohort dummies and treatment status. Each column shows selected coefficients from regressions A, B, and C, respectively. The reported coefficients show the interaction between treatment, birth cohort, and personal characteristic of the student. The comparison group is "non-treated." See Table 3 for details on the control variables. Standard errors are clustered at the level of the school.
program than other students in each case. The differences are statistically significant and similar in both cases. Whereas the effect for more advantaged students (i.e., non-free school meals) is 0.04σ and 0.05σ for pupils in pilot and first-phase schools, respectively, it is 0.14σ (in both cases) for students eligible to receive free school meals. By the time students get to age 11, the effect size for disadvantaged students is 0.06σ in both cases. However, this is only statistically significant for the pupils in first-phase schools. For non-disadvantaged students, the pilot is shown to have a negative effect (of 0.06σ, which is significant at the 10 percent level); whereas for firstphase students, there is a zero effect. It is difficult to know what to make of the former (especially in view of the fact that they appeared to benefit at age seven). However, this counterintuitive result is not upheld when we compare pilot schools to control schools for the next cohort, which is shown in Table 5 (discussed further later). Finally, in panel C, we show effects from specifications where we estimate two-way interactions between disadvantaged status and whether the student is a native speaker of English. We show estimates of the treatment on four groups: native English speakers and eligible to receive free school meals; native English speakers and not eligible to receive free school meals; non-native English speakers and eligible to receive free school meals (i.e., the most "disadvantaged group"); and non-native English speakers who are not eligible to receive free school meals. These regressions show that for both the pilot and first-phase schools, effect sizes are strongest for the most disadvantaged group (i.e., non-native English speakers AND eligible to receive free school meals) at both the age of 7 and 11. In both cases, the treatment increases test scores by around 0.20σ at age 7. With regard to effects estimated at age 11, the treatment increases scores by 0.18σ for the pilot and by 0.10σ for first-phase schools. With regard to first-phase schools, the effect persists to age 11 for only 1 other group: non-native speakers who are not eligible to receive free school meals (raising scores by 0.07σ). However, for the pilot, there remains a negative coefficient estimated for one group (i.e., native students who are not eligible to receive free school meals). It is difficult to know what to make of this estimate, though we do not find it when we consider effects for the next cohort (discussed next).
It is of interest to check whether these effects persist in the pilot group for the 2002 birth cohort. This enables us to look at the effects for a group who entered treatment schools the year after they had received intensive support (as a result of the pilot). This is reported in Table 5 . The estimates are very similar to those reported for the 2001 birth cohort (i.e., Table 4 , columns 1 to 3). Interestingly, the negative effect for native English speakers at age 7 (and English speakers who are not eligible to receive free school meals in panel C) that we found for the 2001 cohort goes away for the 2002 cohort. Furthermore, the high effect estimated for non-native English speakers who are eligible to receive free school meals is exactly the same for this cohort relative to the control group. The treatment raises the age 11 score by 0.18σ whether we consider the 2001 or 2002 birth cohort. This finding is important because it shows that the treatment effect has not been driven only for those students who were in the school at the same time as the literacy consultant. Longer term effects are present for disadvantaged groups even though there was no "intensive support" delivered by literacy consultants at any time when they were in the school. Tables A4 and A5 , respectively, we show evidence on two other sources of heterogeneity. Firstly, we estimate four-way interactions (between language and free school meal status) where we substitute the variable "native English speaker" with whether or not the students' first language is based on the Latin script (Table A4 ). Secondly (in Table A5 ), we show results when we estimate four-way interactions by gender.
In online Appendix
The Latin script is the basis for the largest number of alphabets of any writing system and is the most widely adopted in the world. However, one might hypothesize that a more structured approach to learn the English language is particularly important for those who have even more reliance on schools for learning the essential building blocks of the language. As this information is only derivable from 2009 onwards, we use the information when estimating effects for pupils of age 11. The results in Table A4 show effects that are similar to when we used the "non-native speaking" indicator, although they are a little higher. For students whose language does not use the Latin script AND who are disadvantaged, the treatment effect at age 11 is 0.21σ and 0.13σ for the pilot and first phase, respectively. For the latter, there is an estimated effect even for these students if they are not classified as disadvantaged (0.09σ), but this is not the case for the pilot where there is no effect of the treatment.
In Table A5 , we show the four-way interactions from our main specification for boys and girls, respectively, at ages 5, 7, and 11. The standard errors are larger (as we are splitting the sample) but produce results that are qualitatively similar and not systematically different for boys and girls. Results for the pilot suggest that effects are stronger for girls at age 11, but the opposite is true for the first phase of the national rollout.
D. Effects on Other Outcomes
We have also investigated whether the phonics treatment has any impact on other subjects at age 7 and age 11. We would expect this intervention to have an effect on other subjects, both because the same teacher teaches all subjects within a given year group (in primary school) and because subjects other than reading require competency in literacy. There is an obvious relationship between reading and writing with regard to the teaching of language. With regard to math, earlier work suggests a strong relationship between reading demands of tests in math and reading. Specifically, an analysis done on the age 11 reading and math test showed that the reading demand of the math test (based on text difficulty) is nearly 70 percent of what it is in the reading assessment (Machin and McNally 2008) .
We show results for reading, writing, and math at age 7 and for reading, English, and math at age 11.
23 This is shown in Table 6 . The results at age seven show that effect sizes are larger (though not statistically different) for writing than for reading and also show the pattern of increasing effects for cohorts exposed younger (and for longer) to the new way of teaching reading. The results are also positive for math. Results at age 11 show no overall effect of the treatment on reading, English, or math. Table 7 shows estimates of heterogeneous effects for math according to student characteristics (in an analogous way to that shown for reading in Table 4 ). The results are broadly consistent with those for reading except they tend to fade out (or at least not be statistically significant) for the pilot by age 11 whereas they remain for those exposed to the first year of the national rollout.
The finding that a pedagogical intervention directed at literacy also has an impact on math was found in earlier work for England where "the literacy hour" was introduced to primary schools (Machin and McNally 2008) . This relates to another pilot intervention that subsequently became national policy but much earlier (starting in September 1996 in pilot schools and becoming national policy in 1999). In this case the effect on math was two-thirds of the effect on literacy. In many school-level interventions (such as US charter schools), effects are higher for math than for English. In a review of the US charter school literature, Eyles, Hupkau, and Machin (2016) highlight bigger effects for math than for English in 11 out of 12 papers (the estimates for math are between 0.10σ and 0.35σ; while for English, they are between 0.05σ and 0.20σ). Thus, if our results reflected a successful school-level intervention (rather than a pedagogical change directed specifically at the teaching of literacy), we would be unlikely to find the pattern of results observed in this paper.
E. Other Potential Mechanisms
We have interpreted our results as reflecting changes in pedagogy, which were taught to teachers in treatment schools. However, it is possible that the intervention might have affected teachers by influencing their retention (or decision to leave), influenced school organization in some other way, or impacted on pupil enrollments. To examine this hypothesis, we estimate a simple difference-in-difference regression at school level where the dependent variable is the log number of teachers in the first column, the (log) teacher/pupil ratio in the second, and the new pupil entry rate in the third. Results are shown in Table 8 . For both the pilot and first phase, the columns (1), (2), (4), and (5) show no differential change either in teacher numbers or the teacher/pupil ratio between treatment and control schools, either at the time when the policy was introduced or in previous time periods. This provides some Notes: See Table 3 notes. Columns 1 and 4 are reproduced from Table 3 , and columns 2, 3, 5, and 6 use alternative subject scores.
support for the hypothesis that the intervention did not directly affect the composition of teachers or cause changes in student-teacher ratios. Furthermore, as shown in columns (3) and (6) of Table 8 , there is no relationship between the timing of the intervention and the entry rate of new pupils (which is also true if we look at the exit rate of pupils or an overall measure of turnover). Thus, the policy did not lead to a change in pupil composition that could bias the earlier results.
F. Robustness
We have also checked whether estimated results at age 11 are sensitive to imputation of missing values on test scores where we know that the reason the children have not been entered for the test is because they are working "below the required level." 24 This applies to about 4 percent (for the pre-policy cohort)-and is no different between the treatment and control groups. We try two approaches: where we assign missing values to the lowest score given at the school that the student attended at this age (Imputation A); where we assign missing values to the mean values at the school that the student attended at this age (Imputation B). Results are reported in online Appendix Table A6 . Specifically the Table shows average results for the whole cohort (replicating the analysis reported for Table 3 ) and when we interact the treatment for native/non-native speakers of English and eligible/non-eligible for free school meals (replicating the analysis in panel C of Table 4 ). The original results are compared with results in which missing values have been imputed. Notes: School-level regressions where school-level data on teachers, the teacher-pupil ratio, and the entry rate of new pupils have been merged with the sample of treatment and control schools. The difference-in-differences regressions include interactions between treatment and year, year dummies, and school fixed effects. The highlighted terms indicate years in which the intervention may have had an effect on treatment schools (as the intervention year was 2006 in the case of the pilot schools and 2007 in the case of first-phase schools). Standard errors are clustered at the school level.
We learn that the imputation has no implications for average results-they all suggest an effect, which is close to zero and not statistically significant. In the bottom panel, we show that results are very comparable when we examine whether the treatment has a heterogeneous effect. The only result that changes is that the impact of the pilot on the group classified as "non-native and free school meals" declines from 0.18σ to 0.13σ (under Imputation A)-making it closer to that estimated for the first phase (of about 0.10σ).
IV. Conclusion
A widespread, well established finding in the economics of education research literature is that good teachers matter. However, a critical, but currently much less studied question, is whether "good teaching" can be taught. Our empirical analysis shows that intensive training in the use of a "new pedagogy" produced strong effects for early literacy acquisition amongst young school children. We are able to provide convincing evidence of causal effects from the introduction of synthetic phonics in English primary schools because of the way in which training was staggered across different local authorities (and hence different schools). Indeed, we show similar effects from a pilot and the first phase of the national rollout which followed. Moreover, effects of the interventions become much smaller or cease completely in subsequent waves of the national rollout, suggesting that the targeted and large-scale rollout had beneficial effects on the literacy of primary age school children.
The initial effects are sizable and comparable to the early effects of project STAR in reducing class size (which found an effect of 0.19 standard deviations after 1 year from an average class size reduction of about 8 students). However, the policy is of far lower cost, as it involves employing a literacy consultant working with 10 schools per year to deliver intensive support as well as arranging for dissemination and training opportunities throughout the local authority. If effects only reflected the active involvement of the literacy consultant, one would not expect effects to persist for young students. The fact that effects are observed for younger students in years after the literacy consultant had been at the school (at least up until the control group entered the program) suggests that the training and not the presence of the trainer explains the treatment effect. It appears that training in the use of the new pedagogy really benefits measures of reading attainment (as well as writing) for young people.
However, most students learn to read eventually. This is the simplest explanation for why we do not see any overall effect of the intervention by age 11. There may of course be (unmeasured) benefits of learning to read well at an earlier age. It might also be that there are longer term effects that become apparent at a later stage (e.g., as happened in Project STAR and shown by Chetty et al. 2011) .
The most interesting finding here is that there are long-term effects at age 11 for those with a high probability of starting their school education as struggling readers. Specifically, the results suggest that there is a persistent effect for those classified as non-native English speakers and economically disadvantaged (as measured by free school meal status). The effect persists for these children who enter school with significant literacy deficits and is at least 0.10 standard deviations on the reading test at age 11. This is impressive given that the phonics approach is only actively taught up to the age of seven. There is an educational theory suggesting that it is more difficult to improve the reading scores for students who speak nonstandard English at home (discussed by Fryer 2014) , and this is a potential reason for why so many interventions appear to have a much smaller impact on reading than on math. In the light of this, it is important to find persistent positive effects from this intervention for those who start their education as struggling readers. Without a doubt the effect is high enough to justify the fixed cost of a year's intensive training support to teachers. Furthermore, it contributes to closing literacy gaps based on disadvantage and (initial) language proficiency by family background.
This policy reduced literacy inequalities in primary school at relatively low cost. That such a policy was administered by local authorities takes on an added significance given the radical and far-reaching school policies underway in England in which all schools have been encouraged to become academy schools, which operate entirely outside of local authority control. 25 If this happens, it is unclear what role local authorities may play in schooling, but it will certainly be massively diminished, and perhaps nonexistent. The kind of policy we have studied in this paper would not be feasible in such a decentralized system. This has wider ramifications and relevance for other countries that are considering whether to decentralize their schooling systems.
